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Donald Hellison 
The relationship between training intensities and fit-
ness gains was selected as a topic for analysis in this study. 
Forty-six college men served as subjects in ·one of three 
. groups: a jogging, or moderate intensity, training group, 
a running, or high intensity, training group, or a control 
group.. All subjects were pre- and post-tested on the Astrand 
Bike Ergometer Work Test where working heart rates were 
measured and recorded. The two training groups partici~ 
pated in at least thirteen training sessions between these 
testing days, in which two miles were covered at the cor-
rect intensity level for each subject at each training 
session. 
A review of the literature revealed that most re-
searchers embraced the concept of a minimal threshold of 
training stimulus needed to be met or exceeded by subjects 
2 
for significant cardiovascular fitness gains to occur. Con-
clusions about the absolute level of this threshold varied 
from a low of 120 heartbeats per minute to at least 150 heart-
beats per minute, depending apparently upon the experimental 
evidence each researcher had_ gathered. 
The author hypothesized that there existed a continuum 
of training stimuli such that training at higher intensities 
would produce larger heart rate decrements (a cardiovascular 
fitness index) than at moderate training intensities, but 
that moderate intensities would also produce significant 
. gains. Furthermore, wide variations in heart rate decrements 
were expected to be observed within any one group, possibly 
indicating differences in initial fitnesses of subjects. 
The factual results of the study were~ 
Both experimental_ groups and the control group ex-
hibited significant decrements in heart rates f:r:om pre-test 
to post-te~t although the experimental_ groups' gains were 
3 
significant at a higher confidence level. Explanations were 
posited.about the possible factors which might have unpre-
dictably caused the control group to have shown significant 
improvement . 
. The moderate intensity training group exhibited a larger 
decrement in heart rate than the high intensity training 
. group, although the difference was not statistically signi-
ficant. 
There, indeed, was a wide variation of heart rate re-
sponses am~ng individual~ within any one group, possible in-
dicating initial fitness differences. 
In light of the results derived from this study, the 
author can only conclude: 
Significant decreases in submaxirnal workload heart rates 
may be expected to be observed in American college men after 
training at moderate to h~gh intensity levels (150 beats per 
minute or higher) for relatively short training periods (two 
days per week for eight weeks) . 
Large fluctuations in fitness responses among subjects 
within any one training group can be expected, due probably 
to individual differences in initial fitnesses. 
'11he task of training large numbers of subjects at spe-
cified intensity levels within a fairly realistic physical 
education setting seems to have been a fruitful approach. 
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CHAPTER I 
INTRODUCTION 
Many physiologists and physical educators have ex-
plored the relationship between physical training programs 
and improvements in cardiovascular or aerobic ''fitness" 
parameters. A workable definition 6£ cardiovascular fitness 
for use in this paper is the ability of the circulatory and 
oxygen transport systems to allow one to perform sustained 
muscular work at moderate to heavy workloads. 
Physiologists are specifically most interested in pre-
cisely determining the nature ~nd extent of physiological 
changes within the circulatory and oxygen transport systems 
caused by identifiable training stimuli. This information 
allows physiologists and exercise physiologists within the 
field of physical education to gradually expand the know-
ledge content of their own particular disciplines. 
Other physical educators may be more interested in 
using such information for more applied purposes such as 
designing physical education programs to meet desired ob-
jectives (e.g. cress-country running or physical fitness 
units for improving cardiovascular fitness). Coaches, who 
work in a special type of physical educ~tion program, may 
also be desirous of using information about the relation-
ship between training and cardiovascular endurance gains in 
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designing their own I:Jartl.cular training or practice programs 
in athletics. 
Doctors are also increasingly using such information to 
steer heart-attack patients into rehabilitative physical fit-
ness programs where po.tients' general cardiovascular and 
cardiac functionings may be significantly improved. They 
also might use such information to advocate "preventative 
maintenance" to their patients. 
Much of the general public seems also to be interested 
in the training/fitness relationship, as evidenced by the 
sale of books such as Cooper's Aerobics and by the increase 
of joggers sighted daily. 
Not to belabor a point, the nature of the relation-
ship between physical training and cardiovascular endurance 
parameters is of interest to increasing numbers of the popu-
lation. It, therefore, seems to be of sufficient importance 
to be investigated thoroughly and systematically. 
The author has looked at considerable research dealing 
with the relationships between selected training variables 
and cardiorespiratory fitness gains as measured by maximal 
oxygen uptake changes. In selected studies, researchers have 
found significant increases in maximal oxygen uptake due to 
training varying from 1 percent to 35 percent (1,2,3,4,5,6, 
7,8,9,10,ll,l2,13,14,15,16,17,18). Each research design, 
however, was somewhat unique as each researcher appeared to 
take a little different approach to the problem of studying 
training effects. Some focused on the effects of age or 
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initial fitness upon fitness changes, while others were more 
concerned with the effects of frequency, duration, intensityi 
or nature of training program. ·AL{ of .these variables seemed 
to have some effect on the inf lu~nce of training on maximal 
oxygen uptake. 
The way in which each variable specifically affects 
training has only been very crudely examined. The diffi-
culty in determining precisely the specific effects of 
training variables on fitness paramete.rs lies in attempting 
to isolate and study one variable at a time while holding 
all other significant variables constant. The author feels 
this has been done well in_very few studies. However, in 
looking at the mass of unique training studies, it is in-
creasingly apparent that some training variables are more 
important than others. It is becoming evident that initial 
fitness of subjects and intensity of training stimuli are 
two such crucial variables, as Shephard and Sharkey have 
stated ( 19, 20) • 
Unfortunately these variables have often been overlooked 
or not controlled in previcus training studies. In describ-
ing their training regimes, many researchers have referred 
to a jogging or a running program, a middle- or long-distance 
running progra:m, a c~tlisthenic or circuit-training program, 
or some other designation of program. Yet it would be purely 
conjectural to estimate h0w strenuous these ~raining workloads 
were in objective intensity me~sures such as how much they 
taxed each individual's maximal aerobic capacity or what the 
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average level of heart rate achieved during work was._ 
Thus the author chose to study specifically the 
effect of iritensity of training upon cardiovascular fitness 
change (as measured by a change in heart rate on a standard-
ized submaximal work test) . Working heart rate was used as 
a measure of the intensity of trainingo In light of the 
scope of this study, orily literature which focused on train-
i~g intensity was reviewed. In fact, due to the lack of 
agreement about subjective estimates of work intensity, only 
studies using heart rate as a measure of training intensity 
were examined. 
CHAPTER II 
REVIEW OF THE LITERATURE 
There does not exist an abundance of studies using 
heart rate as a measure of training intensity. Yet there 
are a few such studies and some of these may provide some 
meaningful information and insights. 
Sharkey has. done at least tt~o studies using heart rate. 
as a measure of training intensity. In one study (21), he 
divided sixteen college men (eighteen to nineteen years old) 
into one of four groups, three experimental groups and one 
control group, each c9nsisting of four subjects. The three 
experimental groups were trained on a treadmill for six weeks: 
three days per week, approximately ten minutes daily, at one 
of the following intensity levels: 120 heartbeats per minute, 
150 heartbeats per minute, or 180 heartbeats per minute. The 
control group did not participate in any training program. A 
G'l 
treadmill ~unning at the rate of 3.5 miles per hour at varying 
grades was used to produce the desired training heart rates. 
All sixteen subjects were pre- and post-tested on both the 
Astrand-Rhyrnin9 Step Test and the Balke Treadmill Test. The 
two tests correlated highly (r=.81) on the pre-test data. As 
measured on the Balke Test, both the 180 heart rate group and 
the 150 heart rate. group were significantly different from 
the other two groups in improvement in work time on the 
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treadmill~ As measured on the step test, only the 180 heart 
rate group was significantly different from all other groups 
in predicted maximal oxygen uptake. Sharkey made these two 
concluding statements: (1) researchers should be wary of pre-
dictive results from the step test, and (2) perhaps 150 heart-
beats per minute may represent a threshold training stimulus. 
Sharl:ey (19) used a different research design to test 
for intensity/duration interaction effects upon training re-
sults. He used thirty-six college-3ge men, six in each of 
six experimental groups. The design was a three by two fac-
torial where groups trained at one of three intensities 
(130, 150, or 170 heartbeats per minute) at either of two 
durations (7500 or 15000 kilo-pound met~rs to~al work done) . 
Training took place for 7.5 to 30 minutes daily, three times 
per week, for six weeks on a bicyclA ergometero Pre- and 
post-testing was done using three different measuring devi-
ces: (1) the Astrand-Rhyming Step Test, (2) the Balke Tread-
mill Heartrate 170 Test, and (3) the Physical Work Capacity 
Heart Rate 170 Test on the bicycle ergometer. All of these 
tests were used to determine or predict maximal oxygen uptake. 
These pre-tests resulted in fairly low intercorrelations 
(r=.42 to .48). There were no statistically significant dif-
ferences noted between any of the groups. However, evidence 
did seem to show that training intensity was a more crucial 
variable than duration and that the effect of i.nitial fitness 
upon changes in fitness was considsrable (r=-.539 between 
initial fitness and incre~se in fitriess) . 
Shephard (20), in o. commentar1 upon Roskamm's paper 
(22) delivered at a 1967 Heart and Fitness Convention in 
Canada, made similar statementso He us~d a multiple re-
gression analysis to study various fi tri(~ss parameters in 
unfit men. He condluded that of all these parameters, only 
..., 
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the following two variables significantly influenced the re-
sponse to training: (1) initial fitness of subjects, and 
(2) intensity of training. His conclusions are based on his 
study of twenty-five low--fi.t men (meein maximal oxygen uptake 
of 35.6 milliliters per kilogram body weight per minute) who 
trained at either 35 percent, 65 percent, or 90 percent of 
their aerobic capacities. All three groups showed some im-
provement in maximal oxygen uptake due ~o training. He con-
eluded that a heart rate of 120 (representing 35 percent cf 
aerobic capacity in some subjects) may exert a training effect 
on very low-fit sedentary men~ 
Yeager and Brynteson (23) studied eighteen college-age 
females, training three days per week for six weeks at a 
heart rate of 144 beats per minute. Three experimental groups 
were studied; groups trained on a bicycle ergometer for 
either ten, twenty, or thirty minutes daily~ All girls were 
pre- and post-tested on the Astrand Bike Ergometer Test used 
for predicting maximal oxygen uptake and a Physical Work 
Capacity progressive bike test_ An analysis of variance 
showed no significant differences between groups but the thirty 
minute_ group significantly improvec1 mi i.Joth tests while the 
other two. groups s~gnificantly impr6ved on either one test or 
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the other but not both. Hence 144 heartbeats per minute was 
a :1 t s a -1-ra-ln1'r·10 stjm··lu1s foY- thec:-;e '"~u'b·icct~ o.eqi.1a ·c a.. ,,_ ........ .... .J --- , ...... •• .. _,_ • ..... - .., ..... 
Genunill, Booth, and Pocock ( 24) st1.:tdic;d three male sub-· 
• ., 1-f-'k =1 ·- f' jects who rode bJ_cycle ergometers one·-·xFL . ...:.: i1our o.aiJ.y, ·· J_·ve 
days per week, for four weeks~ Each pedalled at his own 
constant workload. The initial heart rates of the three su~-
ject.s after thirty minutes of pedalling during t.he f i::cst few 
days of training was between 135 and 150 beats per minute. 
These heart rates decxeased greatly ~n all three men after 
training to about 115 to 125 beats per minuted Even though 
this study did not deal statistically with these results and 
did not hold training intensity constant, it seems noteworthy 
that training did take placE: at this moderate and decreasing 
intensity level. It should be noted that training and test-
ing were both done on· the same initrument--the bicycle ergo-
meter. This procedure probably increased the probability of 
noti~eable changes in cardiorespiratory fitness parameters. 
Karvonen, Kentala, and Mustala (25) studied six male 
medicaJ. students (ages twenty to twenty-three) who train~d on 
a treadmill thirty minutes daily, four or five days per week, 
fer four weeks~ These subjects trained at individual heart 
rates which varied from 135 beats per minute to 180 beats per 
minute. The experimenters noticed that subjects training at 
a heart rate above 150 beats per minute had to have their work-
loads increas8d somewhat as the trainir1g sessions progressed, 
thus exhibiting increased cardiovascular efficiency. That is 
to say, wh2~ mere work can be do~e with the saree level of 
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heart rate 1 one is considered more efficient.. 'l'he men train-
ing below 150 beats per :minute did not demonstrate this effect 
to the same extent. 
The experimenters also looked at training heart rate as 
a percentage 0£ the difference between maximal heart rate 
and resting heart rate for the six subjects. They then con-
eluded that perhaps there is a ?•cut-off 11 point or threshold 
training level existing between sixty and seventy percent of 
this difference in heart rates, below which no significant 
training can occur and above which significant results can 
be expected .. 
Roskamm (22) use¢!.' the same prc,cedure, i.e. taking a per-
centage of the difference between maxim~l heart rate and rest-
ing heart rate, as a method of determining training stimuli 
for various experimantal groups. He used eighty soldie~-
subjects, twenty in each of four groups--three experimental 
. groups and one control group. Expe=imental groups trained on 
a bicycle ergometer for one-half hour daily, five days per 
week, for four weeks. Group I subjects worked at a constant 
workload at seventy percent of the difference between their 
own maximal heart rates and their resting heart rates. Group 
II subjects worked for one reinute workload fifty percent 
heavier than that of Group I, and then worked for one minute 
at a workload fifty percent lighter ·than that of Group I. 
This patte:cn was aJ.tE=_;rnated every minute for the fu.11 thirty 
minutes.. Group III subjects worked for two and one· .. half 
minutes at a workload fifty percent heavier than Group I and 
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then for two and one-half minutes at a workload fifty percent 
lighter than that of Grbup I, also for a total of thirty min-
utes. Group IV served.as a control group. Thus all three 
experimental groups did the sa·me amount -of work 1 although in 
different ways. 
All three groups exhibited significant gains over the 
control group (pc.001). Gains were measu~ed in the following 
two ways: (1) ability to do more work after training at the 
same pre-test heartrate, and (2) ability to do the same amount 
of work with a lower hea~trate. The author's conclusion is 
that training at a steady workload (Group I) may be best for 
reducing heart rate at any given submaximal workload, but tha.t 
interval training metho~s (Groups II and III) serve as better 
preparation for maximal work. 
Two other studies h<::t.ve been done using heart rate as a 
measure of training intensity but in a little different way. 
Faria (26) and Brooker (27) had subjects train until their 
heart rates reached de~ignated levels rather than training 
subjects at specified heart rates for a period of time. Hence 
their results might not be directly comparable to other studies 
cited, yet they may have some bearing on this discussion of 
the training intensity/~itness relationship. 
Faria (26) divided forty male subjects (mean age 20e5 
years) equally into one of four grou~s--three expe~imental 
groups and one control group. The three experimental groups 
worked from fifteen to twenty-five minutes per day, five days 
per week, for four weeks on a 17.5 inch high bench, stepping 
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up thirty times pe1:: minute until specified heart rates were 
re~ched. Group I worked until subjects' heart rates rose to 
between 120 and 130 beats per minute. Group II worked until 
heart rates rose :tet.-vn;er! l•la and 150 beats per minute. Group 
III worked until heart rates climbed between 160 and 170 beats 
per minute. Group IV served as a control. 
All four. groups were tested on a bicycle ergometer 
Physical Work Capacity Heart Rate 180 test. In this test, a 
subject rode the bicycle ergometer (at a constant speed) until 
his heart rate reached iso beats per minute. The beginning 
workload was quite light, but the working resistance was in-
creased one kilo-pound every five minutes. Pre-test and 
post-test measurements of total work done were r~corded for 
all subjects. All three groups exhibited a training effect. 
The 140 to 150 and the 160 to 170 heart rate training groups 
demonstrated significantly greater increases in total work done 
than the control group (p <. 05). The 120 to 130 heart rate 
. group was not observed to be significantly different than 
the control group. Faria concluded that a threshold level of 
training intensity may exist somewhere below 140 heartbeats 
per minute. 
Brooker (27), using eighteen male subjects divided among 
three experimental groups and one control group, found that 
training five times per week for six weeks on a bicycle er-
gometer ~t intensities of up to 150 or 180 heartbeats per 
minute significantly decreased heart rate during work and re-
covery as measured on the same work test administered pre-
12 
and post-training. The control grou~ ~nd the 120 heart rate 
gr9up did not exhibit a significarit change in this training 
variable. 
In.summary, most of the researchers cited tend to em-
brace the concept that a ~hreshold level stimulus must be met 
or exceeded for significant cardiovascular training to occur. 
However, the level of this threshol~ stimulus seems to be very 
much in doubt, evidence being cited to. support thresholds 
from as low as 120 beats per minute tq as high as 150 beats 
per minute or more. 
STATEMENT OF THE PROBLEM 
~I.1his study was directed to-:"rard clarifying a somewhat 
confusing picture. Studies have shown that training at 
-various intensities of from 120 heartbeats per minute to 180 
heartbeats per minute or more can cause sig11ificant gains in 
cardi.orespiratory fitness in a variety of subjects. Several 
authors have suggested that there might be some sort of train-
ing intensity threshold level which a person must train at or 
above in order to achieve ~ significant training effect. The 
nature of this tlu:e~shoJ.d is not agreed upon as different re-
searchers have provided evidence for different thresholds of 
training stimuli. The requirc·d threshold seems to depend 
somewhat upon the prevailing conditions of the particular ex-
perirnent. 
Most experimental research in this 2'"rea ha.s been done 
using sma.11 numbers of subjects training in a laboratory 
setting--using a treadmill, bycycle ergometer, or step test. 
This particul~r experiment attempted to look at inte11sity of 
training effects by using a large number ~f subjects in a 
There natural physical education setting--running and jogging 
out-of-doors in a physical fitness class. 
The author hypothesized that.there exists no one train-
ing threshold but that there is a co~tj.~uum of training 
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stimuli. :Furthermore it was hypothe;;-;ized that the response 
to· such stimuli depends both upon the intensity of the stimuli 
and the· initial fitness of the subject. The ramifications 
of this hypothesis are two-fold: (1) at any given training 
intensity, some subjects will exhibit significant fitness 
gains while others may show no. gains at all, and (2) with 
random distribution of subjects and subject fitnesses, a high-
er training intensity will produce greater average gains than 
a more moderate training intensity. 
Specifically, it was hypothesized that: (1) training 
at the higher intensity level would produce a larger and sig-
nificant heart rate decrement while training at the lower 
intensity would produce a smaller but still significant 
training effect, and (2) wide differences in heart rate changes 
would be sE:-;en among subjects within any one group, due perhaps 
to initial fitness differences. 
CH.APTER IV 
RESEARCH DESIGN AND METHODOLOGY 
I SUBJECTS 
Forty-six male students (Mean age 22.2 years) volun-
teered from three physical fitness classes taught by the 
author at Portland State University to serve as subjects in 
one of two experimental_ groups. All members of the three 
physical fitness classes were informed about the nature of 
the study to be undertaken. They were informed that they were 
to be involved in a training study and that activities which 
might facilitate training, such as swimming, cycling, running, 
etc., done outside of class were not to be allowed. Those 
students who could not accept this agreement were dropped from 
the study although most of them still participated in the class. 
Thus of seventy initial potential subjects,· forty-six volun-
teered to restrict outside activities which might have dis-
torted the significance cf measured fitness changes. 
These forty-six subjects were randomly assigned to one 
of two experimental groups. Group I, hereafter referred to as 
the jogging group, consisted of twenty-three subjects who 
trained at an intensity level between 140 and 160 heartbeats 
per minute. Group II, hereafter referred to as the running 
group, also consisted of twenty-three subjects who trained at 
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an intensity level between 170 and 190 h~artbeats per minute. 
In each of the three physical fitness classes were approxi-
mately equa.l numbers of "joggers" and "runners". 
Sixteen male archery students (mean age 22.8 years) vol-· 
unteered to serve as a control group, agreeing to the same 
outside-of-class physical ~ctivity restrictions as did the ex-
perimental groups. Thus it seemed reasonable that they would 
serve as an adequate control group, since physical training 
activities had been sufficiently restricted for them. 
II DATA COLLECTED 
All subjects were initially tested for working heart rates 
while performing the Astrand bicycle.ergom.eter six minute 
work test as described by Astrand (29, pp.15-18). This test 
was chosen for a number of reasons. It is easy to adminis-
ter and it is objective. Testing procedures are descirbed 
clearly in several sources (2, pp.617-623, 29, pp.15-18). 
It is a·valid test to the extent that a change in working 
heart rate has been accepted by physio~ogists and physical ed-
ucators as a fairly accurate index of cardiovascular fitness 
change when viewed in a pre-test to post-test situation 
(2, p.617). Preparations are not yet adequate at the Portland 
State University exercise physiology laboratory to directly 
measure maximal oxygen uptake, which is generally accepted as 
the best single measure of cardiorespiratory fitness. Hence 
a change in heart rate, measured as the difference between 
pre-training heart rate and post-tiaining heart rate, was 
selected to be the index of cardiovascular fitness change in 
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this study. 
Other data were gathered which were likely to have some 
bearing on the interpr2tatJ.on of results. Subjects' ages 
and weil3hts ~.vere recorded.. A.I so each individual who was post-
tested filled out an activlty questionnaire to serve as a 
double-check on his activities during the quarter as well as 
a matter of interest and speculation to the researcher ... 
III 1fES'l1 ING PROCEDUH.E 
The work test used in this study consisted of a six min-
ute bicycle ergometer (Monark style) ride performed at a con-
sta~t workload and at a constant pedalling rate, in this case 
fifty revolutions per minute. A metronome was used to insure 
a constant rate for all subjects. This metronome was set at 
a rate of 100 beats per minut8, each beat coinciding with 
one-half revolution or "stepri on the bicycle ergometer. 
Each subject tested was given sufficient opportunity 
to familiarize himself with the pedalling rate by practici~g 
this with the bike in the free-wheeling positon until pre-
cision was obtained. A workload was then selected by joint 
effort of the researcher and subject which was estimated to 
bring the subject's heart rate up to between 130 and 170 beats 
per rairn;te for the last two minutes of work". This method of 
worklca.d d<-2tcrmination was chosen because it was felt th.at 
pot~ntial heart rate changes to be observed could be signi-
f icantly affected by , ~ e • • • ., tne level OI initial neart rate~ Heart 
rates ba~ween 130 and 170 beats per.minute were arbi.trarily 
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approved as lying within an acceptable range of initial test 
heart rates. Those subjects who failed to meet this criterion 
were later retested at a "proper" workload. Testing- worklcads 
used were at either 450, 600, 750, or 900 kilo-poDd meters per 
minute" Each subject was pre·- and post-tested a.t the same 
workload, thus making both of his heart rate responses dir-
ectly comparable. 
Heart rate was measured by the researcher (or assis-
tant) holding a stethescope over the heart on the front of 
the subject's chest. Heart rate was taken for the last thirty 
seconds of both the fifth and sixth minutes of work. The 
testing heart rate recorded was the average of the two heart 
rates measured. The height of _the bicycle ergometer seat 
was adjusted in each case to provide maximum pedalling ef-
ficiency and comfort for each subject. Generally this meant 
a height which allowed for nearly complete extension of the 
downward leg at the bottom of the pedalling cycle. 
IV EXPERIMENTAL DESIGN 
All subjects were pre-tested during the first week of 
spring quarter~ Both experimenial groups engaged in a train-
ing program from week two to week nine--an eight week train-
ing session. The control group participated in one of two 
archery cl.asses, two days pe~ week, for the intervening eight 
weeJ-~::; ~ In the tenth week of the quar_ter, all subjects re-
maining in the study were post-tested on the seme ·work t9st 
u.sed for prc;;-testing.. Al though an extended discuss:Lo1~ •1Jill 
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follow, it is significant to mention h~re that nine of six-
teen control subjects did not return for retesting, seven of 
twenty-·three running subjects were dropped from the study for 
various reasons, but none of the twenty-three jogging subjects 
dropped out of the training or testing programs. Thus sixty-
two subjects were pre-tested, but only forty-six of these were 
post-tested and hence all data ref erred to in this study was 
compiled from the remaining forty-six subjects. 
V ':l1F.AINING PROGRP ...M 
The three physical fitness classes met at one of the 
following times, each for two days per week for one hour: 
(1) 9:00 A.M. Mondays and Wednesdays, (2) 8:00 A.M. Tuesdays 
and Thursdays, or (3) 9:00 A.M. Tuesdays and Thursdays. There 
were a total of sixteen possible training sessions (two times 
per week for eight weeks) . Each session lasted from thirteen 
to thirty minutes depending on each subject's speed of per-
formance. 
With the exception of one rainy day spent training in 
the gymnasium, all running, jogging, and walking was done on 
the roof of the Portland State University physical education 
building, circling cou~terclockwise around the fenced-in ten-
nis courts. The "track" there is approximately 215 yards in 
circumference. Each day of training each experimental subject 
in attendance moved at his particular pace around this track 
seventeen times, a total dista~ce of approximately two miles. 
All subjects stopped briefly after the third, sixth, ninth, 
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twelfth, fifteenth, and seventeenth (last) laps to take a 
ten second carotid artery pulse count and record this on a 
three-by-five note card which they carried with them when 
they ran. Subjects had ample time to bedome proficient at 
measuring their own heart rates before training actually be-
gan. This technique is considered a very reliable method of 
determining heart rate when trained subjects are used (28) . 
Although it would have been desirable to measure heart 
rates during work, this was not technically possible. Thus 
immediate post-exercise heart rates were used to determine the 
intensity level of training. This does not yield a perfect-
ly accurate picture of working heart rates during exercise due 
to individual differences in immediate recovery patterns. 
For the purposes of this experiment, however, the technique 
followed was acceptable since heart rate was taken immediately 
after stopping and for only a ten second period. 
Jogging group subjects were instructed to walk, run, or 
jog around the track at a rate which would bring up and keep 
their heart rates between twenty-three and twenty-six beats 
per ten seconds (138 to 156 beats per minute) . Running group 
subjects were instructed to run at a ,pace which would keep 
their heart rates between twenty-nine and thirty-two beats per 
ten s~conds (174 to 192 beats per minute) • There was a large 
clock near the track where most subjects would fairly suddenly 
stop, check their pulses, record them, and begin running agai.n. 
Other subjects used their own watches for the same purpose. 
When a subject performed at an incorrect pace, he adjusted it 
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as necessary to produce the desired heart rate. As the 
training sessions progressed, fewer and fewer adjustments 
were necessary and more correct heart rate responses were 
thus made. Each time a subject performed at an incorrect pace, 
this was noted and recorded. Eighteen or less such mistakes 
were permissible for subjects to remain in the study. Since 
there were six heart rates recorded daily, one absence count-
ed for six mistakes. In effect then, subjects had to com-
plete at least thirteen correct training sessions out of a 
possible sixteen. 
VI STATISTICS AND DATA ANALYSIS 
The following data was gathered for each experimental 
subject: 
1. Initial test heart rate. 
2. Final test heart rate. 
3. Change in heart rate {from initial test to final 
test) .. 
4. Age in years. 
5. Weight in pounds when initially tested. 
6. Testing workload. 
7. Activity questionnaire. 
8. Total percentage of correct training performances. 
9. Mean training heart rate. 
Data on items one through seven were also recorded for all 
control subjects. 
Several statistical procedures were used to ~xamine re-
lationships between training intensity and cardiovascular fit-
ness improvement as measured by heart rate changes. An anal-
ysis of variance of pre-test heart rates was computed to check 
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for significant initial group differenbes which might have af-
fected an interpretation of results. Possibly a group with a 
significantly higher initial test heart rate would have a dif-· 
ferent potential for change due to training than one with a 
lower initial heart rate~ Each group-was also separately 
analyzed to check for significant pre~test to post-test rate 
changes. Paired t-tests were used here. Finally, an anal-
-ysis of variance was co~puted to check for significant dif-
ferences in heart rate changes among the groups. 
Means and standard deviations for each_ group were com-
puted as applicable for subjectst ages, weights, testing work-
loads, attendance records, and training heartrates. Other 
data, such as training tim~ and activity questionnaires, were 
~nalyzed in a non-statistical and more subjective and inter-
pretive manner. 
CHAPTER V 
RESULTS 
Table I contains data on mean pre-test and post-test 
hea~t rates as well as mean heart rate changes for the thrse 
groups under s~udy~ It can be seen from the table that initial 
test hE-.;art rates for the three groups are roughly equivalent 
(means range from 151.7 to 156.9 beats per minute). An anal-
ysis of v~riance (Table II) of pre-test heart rates was com-
puted to check for initial significant differences in heart 
rates of members from each of the three groups. An F-ratio 
of 0~82 was determined from such an analysis which was not 
statistically significant at an acceptable confidence leyel 
{F r;: ] 8 -, 3 ") "'.) d d f . . f. -·~=J. . ana . . '~.J nee_ e ·or s.igni icance at the .01 and .05 
levels of confidence respebtively) . 
'l'hus there were no significant differences l!1 initial 
hefl.:-::·~·- rat£s among the groups. This homo9enci ty was desirable 
as the author has speculated that changes in heart rates might 
i 
he a.ffecLrc:d b:J7 the level of initial heart rates. Hence a 
,group with a significantly higher pre~·training heart rate 
reight have a different potential for change than a group with 
a J.o·wcr pre-test heart rate. This possi.bili ty might make re-· 
sults m~re difficult to interpret accurately. 
Paired t-tests (Table III) were computed within all three 
groups to check for significant changes in heart rates from 
TABLE I 
ME .. ANS l\.ND STANDARD DEVIATIONS OF PHE-TEST HEART RATES, 
POST-·TEST HEAR'l, HJ>/rES, AND CHANGES IN HEAR'l"' RATES 
CONTROL GROUP (N=7) 
Initial Test Heart Rate 
(beats per minute) 
Final Test Heart Rate 
(beats per minute) 
Change in Heart Rate 
(beats per minute) 
MEAN 
152.40 
147.70 
4.70 
JOGGING GROUP (N=23) 
Initial Test Heart Rate 
(beats per minute) 
Final Test Heart Rate 
(beats per minute) 
Change in Heart Rate 
(beats per minute) 
MEAN 
151.70 
136.70 
15.00 
RUNNING GROUP (N=l.6) 
Initial Test Heart Rate 
(beats per minute) 
Final Test Heart Rate 
(beats per minute) 
Change in Heart Rate 
{beats per minute) 
MEAN 
156.90 
144.77 
12 .• 13 
S.D. 
16.50 
15 .. 90 
4.70 
S.D .. 
10.82 
13.17 
12.07 
S.D. 
11.45 
10 .. 08 
9.60 
24 
25 
.P .. Nl\LYSIS OF VARIANCE OF INITIAL TEST HEART RA'J~ES 
------·-..... --,. Variance Source df 
Total 45 154.7 
Between group 2 132.0 .82 3.23 
Within group 43 155.7 
-----------·----------
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'l?~..BLE I I I 
PAIRED T-TES'I'S FOR PRE-POST HEART RA.TE CHANGES 
WITHIN GROUPS {ONE-TAILED TESTS) 
CONTROL GROUP 
t-ratio = 2. 31 (p <. 05) t - 1.943 needed for significance 
at the .05 l~vel. 
t = 3.143 needed for significance 
at the .01 level. 
t = 5.959 needed for significance 
at the .001 level. 
JOGGING GROUP 
t = 1.717 needed for significance 
at the .05 level. 
t - 2.508 needed for significance 
at the .01 level. 
t-ratio - 6.00 (p<:.001) t = 3.792 needed for significance 
at the .001 level. 
RUNNING GROUP 
t 
.,_ 
\.. 
t-ratio = 5 .. 05 (p <. 001) t. 
= 
= 
---
1.753 needed for significance 
at the .. 05 level. 
2.602 needed for significance 
at the .01 level. 
4.073 needed for significance 
at the .001 level. 
r1 
the pre-test to the post-test. All three groups, the control 
. group included, exhibited significantly lower heart rates on 
the post-test. The mean decrease in heart rate for the jog-
ging group was 15.00 beats per minute (t-ratio = 6.0, p(:.001). 
Mean decrease in heart rate for the running group was 12.10 
beats per minute (t-ratio = 5.05, p~.001). Mean decrease in 
heart rate for the control group was 4.72 beats per minute 
Ct-ratio = 2.31, p C~OS). One-tailed tests for significance 
were used here. Although all three groups exhibited signi-
ficantly lower post-test heart rates, the mean heart rate 
changes of the two experimental groups are significant at a 
higher confidence level than the mean heart rate change of 
the control group. 
An analysis of variance (Table IV) was then computed 
to check for significant differences among groups of the a-
bove changes in heart rates. This analysis produced an 
F-ratio of 2.58 (an F-ratio of at least 3.23 being needed 
for significance at the .05 level). Thus there were no 
statistically significant group effects due to training in 
this experiment. Neither experimental group improved signi-
ficantly more than the other or more than the control group. 
There was a great range of heart rate changes noted a-
mong individuals witl1in any one group (see Appendix) • Stand-
ard deviations were calculated for heart rate changes among 
members of each group studied. It was observed that all 
three groups exhibited relatiyely large standard deviations 
from their respective mean changes in heB.rt rate values. 
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TABLE IV 
ANl\LYSIS OF VARil~NCE OF HEART. RATE CHANGES 
AMONG THE THREE GROUPS 
variance-· source ,_F__,__ _ F_ ( p_ <.:--:OS) 
Total 45 118.7 
Between group 2 285~5 2.58 3.23 
Within. group 43 110.7 
·---------~-------------
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This might very well reflect differences in initial fitnesses 
of subjects, which in turn might partially determine how much. 
effect a given intensity of training had on each subject. 
Other data about the subjects in the study are included 
in Table V. It is observed that the jogging group trained 
at a mean intensity of 151.2 heartbeats per minute, while the 
running group trained at a mean intensity of 183.5 heartbeats 
per minute. Means and standard deviations for age, weight, 
and testing workload were computed and interpreted. None of 
the three groups appeared to have differed significantly in 
any one of these three variables. Not only are the group 
means for any given variable fairly close, but the standard 
deviations from the means are relatively large, suggesting 
that it would not be found that there were significant dif-
ferences among the groups in age, weight, and testing work-
load. The two experimental groups did not differ noticeably 
in class attendance (92.l percent of perfect attendance for 
the running group vs. 92.7 percent of perfect attendance for 
the jogging group) . Although accurate data was not recoided 
for this variable, the author observed a decrease in work time 
for both experimental groups as training sessions progressed~ 
Thus the same work intensity (as measured by heart rate) was 
gradually performed more rapidly by most subjects as the 
training sessions progressed. 
TABLE V 
MEANS AND STJ\ ..NDP..RD DEVIATIONS OF SELECTED 
SUBJECT VARIABLES 
AGE (in years) 
Control Group 
Jogging Group 
-Running Group 
WEIGHT (in pounds) 
Control Group 
Jogging Group 
Running Group 
WORKLOAD (in k.p.m.) 
Control Group 
Joggin<;J Group 
Running Group 
ATTENDANCE (percentage of possible} 
Jogging Group 
Running Group 
HEART HA1l1E TRAINING INTENSITY 
(beats per minute) 
Jogging Group 
Running Group 
ME]\ .. N 
23.14 
22.57 
21.31 
170.00 
170. 83 
16·L 81 
_2.57 
2.41 
2.40 
92.75 
92.05 
151.20 
183 .. 54 
S.D. 
3.68 
3_93 
2.80 
21.90 
21.68 
21.64 
0.41 
0.39 
0.40 
4.80 
5. 73 . 
2.54 
2.40 
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CHAPTER VI 
DISCUSSION 
Several of the results are quite surprising at first 
glance and seem to contradict previous evidence and to reject 
the experimental hypothesis. It is difficult to interpret 
the following results: 
1. The control group improved significantly (p< .05). 
2. No significant differences between groups in 
heart rate decrements were observed. 
3. The jogging group improved slightly more than 
the running group. 
The size and nature of the control group may well have 
had a detrimental effect upon meaningful statistical anal-
ysis of the results of this experiment. The control group 
dwindled from sixteen subjects to only seven subjects from 
pre-test to post-testa One wonders what selection factors 
(if any) may have been involved in those volunteering for 
post-testing. Were they, perhaps, a more physically active 
group than those who did not take the post-test? If this were 
true, might this not have destroyed the randomness of the con-
trol group, a quality which is assumed to be present when 
statistical procedures of this nature are computed. Did the 
control group, in fact, maintain the same activity pattern 
between pre- and post-testing as they had before pre-testing? 
The activity questionnaire, unfortunately, did not help answer 
this particular question. Jt provided information relating 
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only to activity patterns during the period between pre- and 
post-testing. Thus it is unknown if activity patterns before 
the pre-test were changed during the space of time between 
the two tests. In any event then, it is ·impossible to sepa-
rate these possible extraneous effects from legitimate influ-
ences upon a control_ group. 
The control group was designed to be used for two pur-
poses: (1) to check for a possible learning effect from one 
testing period to the next, and (2) to evaluate a possible 
general seasonal effect upon college subject populations. 
Thus under ideal conditions, a control group would have helped 
to determine the unique effects of a training regime upon ex-
perimental groups by serving as a yardstick of comparisonw 
However, it is wondered if the control group here has served 
its pu~pose or if it has served only to confuse the issues. 
This is, indeed, a difficult question to answer. 
Perhaps the above consideration of the limitations of 
the control group may partially help answer another question--
why there were no statistically significant differences among 
groups in heart rate changes. Since all three groups improved 
significantly, including the control group, it is less likely 
for significant differences between groups to be observed than 
in a situation where the experimental groups change signi-
ficantly and the control group does not. Another factor, the 
wide spread in the amounts of heart rate change {as evidenced 
by the relatively large standard deviations from mean heart 
rate changes) reduces the probability of fi~ding statistically 
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significant differences among groups. 
Finally, it is asked, despite the aforementioned prob-
lems, why there was a. larger improveme!1t in the low intensity 
group than in the high intensity training group~ This, in-
deed, is a key issue if it is argued that there exists a 
continuum of training responses facilitated by different 
training intensity levels. There are several possible ex-
planations for the results observed here. 
One possibility is that these results occurred by chance. 
In fact, the analysis of variance among the three groups sig-
nifies that these results might not reoccur in a subsequent 
duplicated experiment~ However, there may be another reason 
why there is some noticeable difference between the t~,vo ex-
perimental groups. 
Both of the training groups were composed initially of 
twenty-three subjects. Seven subjects from the running group 
either dropped out voluntarily, became injured, or did not 
otherwise meet the performance criteria for acceptance as 
valid subjects. No subjects were eliminated from the jogging 
group, however. Thus it appears that some force or forces made 
it more difficult for running group subjects to meet the cri-
teria for acceptance as subjects than for jogging group sub-
jects. It is hypothesized here that training at the higher 
intensity level (mean heart rate trained at=l83,5 beats per 
minute) is significantly more psychologically and/or physically 
stressful than training at a more moderate intensity level 
(mean heart rate trained at=l51.4 beats per minute). 
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As evidence for this conjecture, the author submits 
the following individual reasons for.subject withdrawal from 
the study. Three subjects suffered leg or ankle injuries and 
had to withdraw from the study. Two subjects wer~ unable to 
maintain their heart rates at a high enough level to meet the 
criteria for subject acceptance. Two other subjects failed 
to meet the attendance requirements of the class (perhaps 
to avoid the strain of training at such an intense level) . 
The effect of this insidious selection process upon the_ 
mean heart rate change for the running group is unknown and 
unpredictable. The absence of the seven running group sub-
jects who dropped out of the study might have changed the 
potential mean heart rate decrease for the running group and 
th~s artificially distorted the results actually observed to 
some degree .. 
'J.'here are two other possibilities which are considered 
in attempting to interpret differences between jogging and 
running group improvements. The first of these possibilities 
is that perhaps there is, indeed, a threshold level of train-
ing intensity above which significant training will occur and 
below which none will occur. Thus if, in this group of sub-
jects, the threshold of training intensity were 135 beats per 
minute, both experimental groups might. have been expected to 
show similar gains since both trained above the critical level. 
-In this threshold model it would be hypothesized that the rel-
ative intensity of training is not crucial as long as the ab-
solute threshold training stimulus is surpassed. 
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However, the author feels that this threshold model 
is not verified or strengthened by the existing experimental 
evidence. There is considerable disagreement about the ab-
solute level of such a possible threshold (from 115 to 150 
heartbeats per minute or more) , thus indicating that each 
person may have his own particular threshold of training 
stimulus. Furthermore, in studies with similar populations, 
higher intensity groups have shown more gains than lower in-
tensity. groups, although lower groups have shown some signi-
ficant improvements in cardiovascular fitness parameters. 
Finally, the author proposes that the nature of the 
testing experience may be the most crucial issue at hand in 
resolving the question. It must be realized that the es-
sential fitness index considered here is change in heart 
rate· as measured on a submaximal workload test. The mean 
pre-testing heart rate for the jogging group (151.7 heart-
beats per minute) was nearly identical with the mean training 
heart rate (151.2 heartbeats per minute for that group). It 
is conceivable that training at the same intensity level used 
for testing is the most efficient method of training. This 
hypothesized specificity of training intensity may be anal-
ogous to accepted principles of specificity of training pro-
grams. It is generally agreed upon that the most efficient 
way to train for cross-country running is to do lots of cross-
country running. Perhaps it is not only that training is most 
effective ·when practicing the same activity which is to be per-
formed later but further that practicing the same activity at 
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the same intensity will even be more effective in preparation 
for future performances. Perhaps, then, the jogging groups' 
training intensity level is the ideal training intensity in 
preparation for maximal performance on the submaxirnal bicycle 
test administered in this study. 
Roskarnm's conclusion (22) from his training study sup-
ports the above hypothesie. He concludes that training at a 
steady moderate intensitJ;1 is the most desirable method for 
increasing performance at moderate intensities, but that in-
terval {higher intensity) training is more suited for pre-
paration for maximal performance. 
Thus if a maximal performance test such as a two mile 
run time or similar all-out aerobic performance had been used 
in this study as the criterion for cardiovascular improvement, 
the running group might very well have shown the largest a-
mount of improvement. Similarly, if maximal oxygen uptake 
had been the criterion used for determining improvement, the 
higher intensity group might well have improved more. 
CHJ\PTER VII 
IMPLICATIONS FOR FUTURE RESEARCH 
Neither acceptance nor r~jection of the experimental 
hypothesis can be advocated based on the results of this 
study. Since there were no significant differences among 
. groups in fitness changes, it is impossible to make conclu-
sive statements about the relative merits of the alternative 
concepts of a training intensity threshold or of a training 
intensity continuum of stimuli. The author sees resolving 
this problem as a pertinent topic for study in future research. 
Perhaps some direction can be given in planning future re-
search designs to study this question. 
In light of the size of the gain made by the lower in-
tensity group (140 to 160 heartbeat group), it would seem 
advisable to also study subjects training at lower intensi-
ties than these, as well as subjects training at the higher 
intensities. Accompanying these diverse levels in training 
intensities, testing methods demanding different intensities 
should be used for measuring fitness gains. With such a de-
sign it would be possihle to check to determine the relation-
ships between training intensities and testing intensities 
as they relate to measured fitness gains. The hypothesis that 
training at the same intensity. leve] used for testing will 
cause the largest amount of measured fitness gains (or at 
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least as large as the gains observed in higher intensity 
training groups) could be evaluated by using such a design. 
Perhaps this type of study would lead to more sophisticated 
and well-~eveloped concepts of training intensity effects 
upon various subject populations than are now generally 
understood. 
CHAPTEH VIII 
SUMMA.RY AND CONCLUSIONS 
The relationship between training intensities and 
fitness gains.was selected as a topic for analysis in this 
study. Forty-six college men served as subjects in one of 
three groups: a jogging, or moderate intensity, training 
. group, a running'· or high intensity, training group, or a. 
control group. All subjects were pre- and post-tested on 
the Astrand Bike Ergometer Work Test where working heart 
rates were measured and recorded. The two training groups 
participated in at least thirteen training sessions between 
these testing days, in which two miles were covered at the 
correct intensity level for each subject at each training 
session. 
A review of the literature revealed that most research-
ers embraced the concept of a minimal threshold of training 
stimulus needed to be m~t or exceeded by subjects for sig-
nificant cardiovascular fitness gains to occur. Conclusions 
about the absolute level of this threshold varied from a low 
of 120 heartbeats per minute to at least 150 heartbeats per 
minute, depending apparently upon the experimer1tal evidence 
each researcher had gathered. 
The author hypothesized that there existed a continuum 
of training stimuli such that training at higher intensities 
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would produce larger heart rate decrements (a cardiovascular 
fitness index) than at moderate training intensities, but 
that moderate intensities would also produce significant 
. gains. Furthermore, wide variations in heart rate decrements 
were expected to be observed within any one group, possibly 
indicating differences in initial fitnesses of subjects. 
The factual results of the study were: 
Both experimental groups and the control group ex-
hibited significant decrements in heart rates from pre-test 
to post-test alt~ough the experimental groups' gains were 
significant at a higher confidence level. Explanations were 
posited about the possible factors which might have unpre-
dictably caused the control g~oup to have shown significant 
improvement. 
The moderate intensity training group exhibited a larger 
decrement in heart rate than the high intensity training 
group, although the difference was not statistically signi-
ficant. 
There, indeed, was a wide variation of heart rate ie-
sponses among individuals within any one group, possibly in-
dicating initial fitness differences. 
In light of the lengthy discussion of limitations of 
this study found in the previous chapter, the author can only 
conclude: 
Significant decre~ses in submaximal workload heart rates 
may be expected to be observed in American college men after 
traini~g at m~derate to high i~tensity levels (150 beats per 
minute or higher) for relatively short training periods 
(two days per week for eight weeks) • 
Large fluctuations·iri fitness responses amoung sub-
jects within any one training group can be expected, due 
probably to individual differences in initial fitnesses. 
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The task of traini~~ large numbers of subjects at spe-
cified intensity levels within a fairly realistic physical 
education setting seems to have been a fruitful approachc 
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